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A technique was developed for the simultaneous record-
ing of 30 endocardial electrograms during cardiac sur-
gery in patients undergoing aneurysmectomy or endo-
cardial resection, or both, for medically intractable
ventricular tachycardia. An inflatable balloon covered
with 30 terminals at distances of 1.5 to 2 em was used
to record from the entire endocardial surface; a smaller
silicone rubber sheet with 30 terminals at distances of
0.7 em was used to obtain a better spatial resolution.
The multielectrodes were inserted into the left ventric-
ular cavity by way of an incision in the aneurysm. A
transportable minicomputer was used for the acquisition
and analysis of the signals. After initiation of ventricular
tachycardia by programmed stimulation, signals of a 1.5
second period were stored and analyzed. The earliest
activated terminal could be determined within 2 to 5
minutes.
The technique was applied in 32 patients and proved
Endocardial mapping is a method by which potentials are
recorded directly from many endocardial sites of the heart.
Clinically, this technique can be used to localize the area
that generates medically refractory ventricular tachycardias
so that surgical resection may be adequately applied (1),
Because animal experiments as well as clinical observations
indicate that the origin of ventricular arrhythmias is endo-
cardial, mapping is carried out endocardially rather than
epicardially (2).
In patients with otherwise spontaneous or easily inducible
sustained tachycardias, it is not always possible to induce
a sustained tachycardia in the operating room (3), However,
tachycardias that persist for a limited period of time are
nearly always possible to induce by programmed stimula-
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especially useful in those patients in whom sustained
tachycardia could not be evoked and in whom conven-
tional mapping with a roving electrode would have been
impossible or very time consuming. In all patients, the
isochronic maps showed that the ectopic impulses orig-
inated from a rather localized area and no evidence was
found for large endocardial circus movements, thereby
excluding these as a mechanism underlying the tachy-
cardia. Isochronic maps, depicting activation sequences
during consecutiveectopic beats with the same QRS mor-
phologic features, showed the same site of origin in all
but six patients. In these patients, the endocardial site
of origin shifted over distances from 2 to 4 em, despite
a similar QRS configuration. In three patients, sustained
tachycardia with different QRS configuration was in-
duced. In all three, the site of origin was similar despite
different QRS configuration.
tion. Such brief arrhythmias cannot be adequately mapped
with the conventional method of placing a roving probe in
sequence against numerous sites on the endocardium. For
these reasons, we developed a computerized acquisition sys-
tem for simultaneously recording complexes from 30 en-
docardial sites in order to localize the origin of ventricular
arrhythmias during the operative procedure. The equipment
is transportable, which facilitates carrying out measurements
at various locations. This report describes the method of
simultaneous endocardial mapping and our experience with
measurements carried out in 32 patients at four separate
hospitals.
Methods
Patients and surgical procedure. Measurements were
made in 32 patients, all of whom underwent left ventricular
aneurysmectomy. Of these 32 patients, 21 suffered from
recurrent ventricular tachycardia related to the aneurysm and
were refractory to medical therapy. In the remaining 11
patients, pump failure was the main reason for surgery,
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The mapping procedure was carried out asfollows: Two
hook electrodes were attached , one to the right and one to
the left ventricle, and the difference between their signals
was used as a reference. To facilitate the distinction between
supraventricular and ventricular arrhythmias, a bipolar plaque
electrode was sutured onto the atrium . The ventricular aneu-
rysm was incised after cannulation for cardiopulmonary by-
pass and standard aneurysmectomy was performed. After
resection, a multielectrode was inserted into the ventricular
cavity and it was attempted to induce tachycardia by pro-
grammed stimulation using 2 to 4 premature stimuli. Either
a right ventricular catheter or a hand-held probe was used
as a stimulation electrode. During the mapping procedure,
the ventricle was perfused normothermally.
Electrodes. We used two kinds of electrode systems to
record endocardial electrograms (Fig. I). One of these con-
sists of two balloons, an inner and outer one, and is con-
structed as follows: Two identical balloons are made by
immersing a cast in a latex solution and vulcanizing in a
sulphurous atmosphere. On one of the balloons , 30 terminals
(silver hemispheres with a diameter of 2 mm) are fixed in
the same manner as in the grid electrode (Fig . Ib, cross
Figure 1. Recording electrodes. A, Illustration of the balloon
electrode used to record simultan eously from 30 endocardial sites
on the entire endocardial surface . B, The grid electrode is used
for refined spatial resolution and consists of a silicone rubber sheet
of 0 .1 mm thickness with the termin als embedded as indicated .
The terminal s are the same as those used in the balloon version
and are fixed to the sheet as shown by the cross section. Inter-
electrode distances are 7 mm .
8
section). After turning this balloon inside out , Teflon-coated
stainless steel wires are soldered to the terminals, which are
then covered with a layer of latex to waterproof the balloon.
Subsequently, the balloon is turned right side out and the
second balloon is positioned inside the first. The inner bal-
loon can be inflated using a bellows. A latex ridge,S mm
in width , is glued to the outer balloon and serves as a spatial
marker .
The deflated balloon electrode was introduced into the
the left ventricular cavity through the initial incision made
for the aneurysmectomy. Subsequently, the balloon was
gently inflated until its surface touched the endocardial wall.
After inflation, the interelectrode distances on the outer bal-
loon were IS to 20 mm, the geometry being chosen in such
a way that the surface of the balloon was uniformly covered
with terminals. The latex ridge , running from the top of the
balloon to its base, was positioned between the papillary
muscles to prevent it from rotating in the cavity. The ridge
also served as a landmark . The time for positioning the
balloon was a matter of seconds. By using this electrode ,
it was possible to map the whole endocardial surface at one
time , although at a moderate spatial resolution.
The second electrode system consisted of a rectangular
sheet of flexible rubber on which 30 terminals of the same
type as used in the balloon were fixed and arranged in a
square lattice of five rows and six columns. The interelec-
trode distance was 7 mm. This electrode also was introduced
into the ventricular cavity through the initial incision and
positioned by hand against the endocardial surface. To map
the whole endocardial surface, about three positions were
necessary . A map projection of the left cavity was used to
indicate the position of the grid with the papillary muscles
serving as striking spatial landmarks.
Signal acquisition. Unipolar signals recorded by each
of the multiple electrodes were measured with respect to a
needle in the patient's left shoulder. These signals were fed
to an array of buffer amplifiers placed in the operating thea-
ter close to the patient to minimize interference of the mains.
The signals were then fed into the acquisition system located
outside the operating room. The filtered (low cutoff I Hz,
high cutoff I KHz) and amplified (200 x ) endocardial sig-
nals, together with one standard electrocardiographic lead
and the ventricular reference signal, were fed into an LSI-
II based computer system. This was performed by means
of a multiplexing analog to digital converter. The computer
also incorporated a digital to analog converter that was used
to display one of the signals on an oscilloscopic screen
during acquisition . The oscilloscope showed the instanta-
neous contents of the memory , a 1.5 second period of the
chosen signal at a sampling rate of 330 Hz . The operator
was able to freeze and store the signals on disk as soon as
he perceived an interesting run of extrasystoles. In addition ,
eight endocardial signals, the three standard electrocardio-
graphic leads, ventricular and atrial reference signals and
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the stimulation impulse were continuously registered on a
16 channel Elema chart recorder.
For identifying the signals stored by the computer, a
registration code was sent to the on-line chart recorder each
time a registration was frozen,
Signal analysis. When acquisition was completed, hard
copies of the stored signals were obtained using the chart
recorder as an output device (Fig, 2), A vertical time code
bar could be inserted in the reference signals displayed on
the oscilloscopic screen for a visual comparison of the de-
polarization times, This was done by positioning a cursor
at the beginning of the QRS complex with the help of a
joystick. The resulting hard copies offered a first rough
indication of the onset of an extrasystole or tachycardia.
Subsequently, the activation pattern and the origin of the
abnormal activity were determined more accurately by using
the computer system, First, the computer estimated the mo-
ment of activation for all channels. The point in time of the
steepest negative slope from a complex was estimated with
reference to a chosen zero point Subsequently, all stored
endocardial signals were displayed consecutively on the os-
cilloscopic screen and the computer-estimated moments of
activation (indicated by a bright dot) were confirmed or
corrected by the investigator. Corrections were made using
the joystick. Values of activation times were printed out
and isochrones were drawn by hand. A more detailed de-
scription of the recording system is discussed in a previous
report (4). Activation maps of ectopic impulses were ob-
tained within a few minutes after recording,
Mapping procedure. The mapping procedure for ven-
tricular tachycardia was usually started using the balloon
electrode. Whenever it was possible to induce a sustained
tachycardia, we made a number of registrations and ana-
lyzed the data to determine the origin of the arrhythmia. To
obtain a better spatial resolution, the grid electrode was
subsequently placed over the area of earliest endocardial
activity, An endocardial area was considered to be the origin
of an ectopic beat if the following conditions were met: I)
the unipolar signal at the site started with a Q wave and
preceded all other endocardial and ventricular reference sig-
nals, and 2) the spread of the excitation originated from that
area.
Results
The balloon electrode was used in 22 patients and in 9
of the 22, the grid electrode was employed as well to obtain
better spatial resolution. In 10 patients, measurements were
carried out with the grid electrode only. In 19 of the 22
patients in whom the balloon electrode was used, it was
possible to identify the terminal that was activated the ear-
liest In three patients, extensive fibrotic scar tissue pre-
vented selection of a single electrode as the earliest activated
because three or four adjacent terminals were activated at
the same time.
Two striking characteristics of the ectopic beats we ana-
lyzed were the rather localized "origin" and the more or
less radial spread of activation with slightly varying con-
duction velocities in different directions (Fig. 3), It was
always possible to determine the area of earliest endocardial
activityof an ectopic beat within 2 to 5 minutes after recording.
Monomorphic sustained ventricular tachycardia (du-
ration 2': 1 min). In 11 of the 21 patients operated on for
medically intractable ventricular tachycardia, one or more
sustained episodes of tachycardia could be elicited by pro-
grammed stimulation. Consecutive ectopic beats with the
same configuration always showed the same origin and ac-
tivation pattern. In three patients, two sustained tachycardias
with totally different configurations in one or more leads of
the standard electrocardiogram could be induced. Construc-
tion of isochrone maps showed only slight differences in
the sites of origin,
Figure 4 shows the activation sequences of two tachy-
cardias recorded with the grid electrode, The grid was
'\
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Figure 2. Hard copyof 1,5 seconds of endocardial
electrograms recorded during a mapping cycle, In
the first stageof analysis, signals were copied to a
16 channel chart recorder, For clarity, only 12 sig-
nalsare depicted. The vertical lines serveas a time
reference, and enable quick recognition of areas
with early depolarization,
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Figure 3. Activation sequence constructed from endocardialelec-
trograms during sustained ventricular tachycardia in a patient with
medically untreatable arrhythmias. Signals were recorded using a
balloon electrode carrying 30 terminals. The endocardial surface
is depicted as if the left ventricle were folded out after incising
the free wall from apex to base. The numbers indicate isochrones
in milliseconds and are timed with respect to the onset of the QRS
deflection in lead II. Recordings are the earliest endocardial (endo)
complexes and standard lead II. The asterisk in the isochronic
map indicates the location of earliest endocardial activity. Note
the rather localized origin and more or less radial spread of acti-
vation from the origin. LAD = left anterior descending coronary
artery.
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positioned over the area of earliest activity of the first tachy-
cardia, as previously determined with the balloon electrode.
The second configuration was initiated a few minutes after
the first one had stopped. As can be seen, the area of earliest
activity was not very different, but the exit pathways were.
In one patient from this group. fractionated potentials
were observed during tachycardia. Fractionation occurred
at the earliest activated endocardial site and was found at
the onset of the QRS complex.
Monomorphic nonsustained ventricular tachycardia.
In four patients from this group, tachycardias were induced
that lasted for less than 100 but more than 9 beats. In seven
patients, short runs comprising less than 10 ectopic beats
could be initiated, whereas in two other patients they oc-
curred spontaneously.
In one patient who underwent mapping with the balloon
electrode. it was possible to initiate five morphologically
different runs. Because this patient belonged to the group
with medically refractory tachycardia, we compared, on the
basis of the standard electrocardiographic recordings, the
configuration of the initially known tachycardia with the
intraoperatively acquired ectopic beats. Construction of iso-
chronic maps showed different sites of earliest endocardial
activity for all runs. Two areas were selected as the most
likely source for the spontaneously occurring tachycardia.
Figure 5 shows the activation patterns of the ectopic beats
originating from these two sites. While the earliest complex
originating from the first site has only a sharp Q deflection,
the second earliest complex has an initial R wave. This
could mean that the actual source was located more deeply
in the tissue.
Consecutive ectopic beats with the same QRS configu-
ration in the standard leads showed the same site of origin
and activation pattern. However, in two cases with runs of
more than 9 beats and four with fewer than 20 beats, a shift
of the endocardial origin of 2 to 4 em was observed, despite
type IT
Figure 4. Isochronicendocardial maps of two mor-
phologicallydifferent ventricular tachycardias from
a patient with medically untreatable arrhythmias.
The left panel depicts the tachycardia that was first
initiated. Signals were recorded with a grid elec-
trode placed over the area of earliest endocardial
activity that was previously determined with the
balloon electrode. Recordings are the standard
electrocardiographic leads I and II. Isochrones are
drawn IO ms apart and are referenced to the onset
of the standard lead I. Dashed lines indicate areas
of conduction block that occurred at terminals lo-
cated in damaged tissue. The right panel depicts
the map of a second tachycardia that was initiated
a few minutes after the first one had stopped. Note
the striking difference in standard lead II in contrast
to the minor difference in the location of the earliest
endocardial activity.
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Figure 5. Isochronic maps constructed from en-
docardial electrograms in a patient with preopera-
tively known arrhythmias refractory to medical
treatment. During the operative procedure, no sus-
tained ventriculartachycardia could be initiatedbut
five morphologically different runs of ectopic beats
occurred. Endocardial electrograms were recorded
using the balloon electrode. The maps were con-
structed from the runs most resembling the clinical
tachycardia. Displayedelectrograms are the earliest
endocardial (endo)complexes and standard lead II.
The dashed areas indicate the site of origin of the
remaining runs of ectopic beats. The asterisk in-
dicates the siteof earliestectopicactivity. Note that
the earliestendocardial complexin the lower panel
is preceded by an R wave, which could mean that
the actual source was located more deeply in the
tissue in that patient. LAD = left anteriordescend-
ing coronary artery.
endo ',,-- ~\ .~
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similar QRS configuration of the standard beats. Figure 6
illustrates this phenomenon in a run containing five ectopic
beats.
Polymorphic runs and single ectopic beats. In four
patients, at least two morphologically different ectopic beats
were observed in the same spontaneously occurring run of
ectopic rhythm. In all these patients, we found that the
different beats originated from different areas. An example
is given in Figure 7, which depicts the spread of activation
of four consecutive ectopic beats recorded with the grid
electrode. The variability of the site of origin of the pre-
mature beats is clearly demonstrated in this example. Pur-
kinje activity is present in the earliest activity of the first
ectopic beat. In eight other patients, we found Purkinje
spikes preceding the earliest endocardial activity. The sites
of origin of ectopic beats 3 and 4 (Fig. 7) were located
outside the area covered by the grid electrode.
Single ectopic beats occurred spontaneously in three pa-
tients and were induced in two patients. In one of the two
patients, delayed potentials were observed during sinus
rhythm. These were visible only in the signals from one
terminal and followed the QRS complex by 90 ms. None
of the sites of origin of the ectopic beats corresponded to
the area of delayed potentials; the nearest site was located
2.5 em from this area.
Discussion
Endocardial mapping as a means of studying cardiac
electric activity during surgery, in order to guide the surgical
treatment of ventricular tachycardias, is not new (l,3,5-7).
However, the sequential technique usually employed does
not permit the localization of the onset of short-lasting tachy-
cardias and of single or multiple ectopic beats, all of which
may contain information helpful in understanding the gen-
esis of the arrhythmia. Another disadvantage of using a
hand-held probe is that in order to map the desired areas,
the probe position must be altered several times. This length-
ens the time required for mapping.
The need for simultaneous recording during electro-
physiologic study of unstable tachycardias has been em-
phasized by Gallagher et a1. (3) and techniques for simul-
taneous recording from the epicardium have been developed
(8). However, both animal experiments (9) and clinical ex-
perience (1) have shown that in the later stages of myocardial
infarction, epicardial maps cannot predict the endocardial
site of origin of ventricular tachycardia. Initially, we also
performed epicardial mapping, but activation at the sites of
earliest epicardial breakthrough during tachycardia was al-
ways later than the beginning of the QRS complex. Sub-
sequently, we limited the procedure to endocardial mapping.
Preselection of data and analysis. The selection of rel-
evant data during the operation avoids having to search
through all recorded data after the recording and, therefore,
saves mapping time. The hard copies of the endocardial
electrograms and the two reference signals on the chart
recorder are obtained within I minute. With the interactive
computer system, activation times can be obtained within
2 to 4 minutes. The display mode enables rapid recognition
of areas with early activity or delayed potentials. Aside from
this, the signals are helpful when correcting computer-es-
timated activation times because the signal of interest can
be compared with those from neighboring electrodes.
Induction of ventricular tachycardia. When using ac-
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well as sequential technique is whether the tachycardias
induced by programmed stimulation during the operation
are of the same type as those occurring spontaneously or
those induced preoperatively in the catheterization labora-
tory. Comparison of the morphologic features of the stan-
dard electrocardiographic leads before and during operation
is difficult because opening of the chest and heart and the
change in contact of the heart with other thoracic tissues
greatly alter the QRS configuration. Whether a relation ex-
ists between induced nonsustained runs of ectopic beats and
the clinical tachycardias is still unproven. In one of our
cases, earliest activity with Purkinje spikes preceding myo-
cardial activity was found far from the scar tissue. This
tachycardia may have been caused by bundle branch re-
entry (10).
Shift of origin. One may ask if the shift of the origin
of the tachycardiain six of our patients was an artifact caused
by movement of the electrode. This seems unlikely, how-
~~~,~r, , ,endo 1
C '---_--'-...L.L..__...J
Figure 6. Isochronic maps recorded in a patient with no history
of arrhythmia, but operated on for left ventricular aneurysm (aneu-
rysmectomy). Recordings were made during a spontaneous run
containing fi ve morphologically equal ectopic beats. Endocardial
electrograms were recorded using the grid electrode. Isochrones
are drawn at 10 ms intervals and are timed with respect to the
onset of the QRS deflection in lead II. The electrograms (endo)
are the endocardial signals recorded at the positions EI and E2
with standard lead II. Note that in the map belonging to the fourth
complex (D), the origin has shifted away from a position that was
the same for the preceding 3 beats (A,B,C) . Note, furthermore,
that this shift does not affect the morphology of standard lead II.
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Figure 7. Isochronic maps constructed from endocardial electro-
grams recorded with the grid electrode. Recordings were made in
a patient without history of arrhythmia but operated on for aneu-
rysmectomy. The maps depict the activation sequences of four
consecutive ectopic beats all having different morphology in stan-
dard lead II. The electrograms are the endocardial signals measured
at electrode position EI and recorded with standard lead II. For
each beat, isochrones are drawn 10 ms apart and are timed with
respect to the onset of the QRS deflection of lead II. Note that all
beats (A,B,C,D) have a different endocardial origin, although two
have their onset outside the area covered by the grid. The earliest
endocardial signal of the first complex (A) is preceded by a Purkinje
spike, as can be seen from the depicted signal.
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tivations equence mapping as a guide for the surgical treat-
ment of ventricular tachycardia, the clinical tachycardia must
be induced. With conventional techniques, a sustained ep-
isode of tachycardia lasting for several hundredcycles must
be, obtained. A simultaneous recording technique has no
limitations regarding the length of the tachycardia. Even
single ectopic beats can be analyzed. In half of our patients
with medically intractable ventricular tachycardia, only rel-
atively short runs of tachycardia could be evoked, which is
contrary to the findings of others (1,5). There may be mul-
tiple reasons for this, as described by Gallagher et at. (3).
One reason may be that we applied only two extrastimuli,
while others used three or more. Additional difficulty was
encountered because the surgical procedure was carried out
in four separate hospitals by four different operating teams.
A question that arises with regard to a simultaneous as
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ever, because we never found movement artifacts in our
registrations and the spread of activation was clearly dif-
ferent before and after the shift. In addition, we never ob-
served that an abnormal signal recorded from an electrode
located in damaged tissue changed into a normal signal as
recorded from healthy tissue, or the reverse. This would be
expected to happen with terminals located at the border zone
if large electrode shifts occurred.
Delayed and fractionated potentials. In II patients op-
erated on for arrhythmia, endocardial signals were also ac-
quired during sinus rhythm. In only I of the II patients did
we find an area of delayed activity, such as that described
by Fontaine et al. (11) and Josephson et al. (12). The two
runs of ectopic beats we were able to evoke in this patient
had their sites of origin 2 and 4 em away from the area
generating the delayed potentials. Fractionated potentials
were found in one subject, only during ventricular tachycardia.
The rarity of delayed and fractionated potentials cannot
be wholly explained by the moderate spatial resolution ob-
tained when using the balloon electrode. Measurements made
with the grid electrode, having greater spatial resolution,
never showed these phenomena. It must be noted, however,
that in some of the measurements, signal levels below 500
/-LV were masked by 50 Hz interference.
Unipolar electrograms. In our study, we used unipolar
recordings only and took the intrinsic deflection as the mo-
ment of local excitation. Because of electrotonic influences
from neighboring areas, determination of the moment of
local excitation carries a certain degree of uncertainty. On
the other hand, unipolar signals enabled us to rapidly detect
sites of early activity because of the absence of R waves.
For the grid electrode with equally spaced terminals, we
were able to simulate a coaxial recording by using a software
program to subtract the signal of the selected electrode from
the mean signal of four surrounding electrodes. As in bi-
polar recording, this method reduced the electrotonic com-
ponents in the signals. A coaxial recording is preferable to
a bipolar recording, because the signal is not influenced by
the direction of the propagation. Isochronic maps based on
coaxial recordings did not differ from maps derived from
unipolar recordings. The finding, in one case, of an R wave
preceding the earliest signal emphasizes the problem of the
three-dimensional nature of the heart as discussed by Gal-
lagher et al. (3).
Conclusions. Our data show that it is possible to localize
the origin of nonsustained tachycardias or even polymorphic
runs within a few minutes by using a simultaneous recording
technique. They also show that this method may yield in-
formation that cannot be obtained with a sequential mapping
technique.
The ectopic beats occurring in our patients originated
within a limited area. We never observed large reentrant
circuits involving endocardial pathways only. To distinguish
between a true focal origin and microreentry, simultaneous
recording from many more endocardial and intramural elec-
trodes will be necessary. We also observed that in some
patients with an apparent stable tachycardia, the origin shifted
over a distance of 2 to 4 em.
Using this procedure to guide the surgical treatment of
ventricular tachycardia could, in some cases, lead to a more
rational approach for endocardial resection than that achieved
by other means. In addition, this method, especially when
the number of sites from which simultaneous recordings are
made is increased, provides more insight into the possible
mechanism of arrhythmias.
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